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OPTICAL FIBER CABLE SWIVEL 
FOR FIBER OPTIC DISTRIBUTION FRAMES 

FIELD OF THE INVENTION 

The invention relates generally to fiber optic cable routing systems and more 
particularly to arrangements for routing optical fiber without violating the minimum bend 
radius for the fiber. 

5 

BACKGROUND OF THE INVENTION 

Many transmission systems utilize an optical fiber network of interconnected 
optical fiber cables to enable optical communications between network locations. 
Typically, an optical fiber cable consists of a plurahty of optical fibers surrounded by a 
10 protective sheath. Individual optical fibers consist of a small diameter core of low-loss 
material such as glass or plastic surrounded by a protective cladding that has a slightly 
lower index of refiraction than the core. As is well known, a fiber optic cable operates to 
guide transmitted Ught pulses over distances with small pulse attenuation (i.e., low signal 
loss). 

15 Due to the fragile nature of today's commercial fiber, there is a need to protect the 

fiber from external sources of stress, such as bending, pressure and strain, which can 
damage the fiber and/or cause degradation of the signal being transmitted via the fiber. For 
example, a fiber should not be bent sharply anywhere along its path. In addition to the 
possibility of breakage or fi-acture, if a fiber is bent past a critical angle, portions of 

20 transmitted light pulses will leak out, rather than being reflected within the fiber core, 
thereby attenuating the transmitted light pulses and degrading signal quality. Accordingly, 
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it is necessary that a fiber be routed so that bends in the fiber be of a sufficient radius to 
substantially avoid occurrence of such light leakage. 

The radius below which a fiber should not be bent to avoid light ray leakage is 
characterized as the minimum bend radius. Typically, the minimum bend radius varies with 
5 fiber design. However, in all fiber designs, bending the fiber with a radius smaller than its 
minimum bend radius may result in increased signal attenuation and/or a broken fiber. 

Ordinarily, a unique fiber routing will be required to transmit light pulses between 
network locations. Over this unique route, light pulses may be propagated across several 
different fibers. At each transition fi:om one fiber to another, individual fibers are 
10 connected, thereby enabling hght pulses to be carried between a first fiber and a second 
fiber. In many cases, such as at a central office for the communications system, large 
numbers of fiber connections must be made and a fiber administration system is employed 
to manage the various connections. 

In many fiber administration systems, as the optical fibers in a network enter the 
15 central office, they are directed into a fiber distribution firame where the individual optical 
fibers are terminated in an organized manner. Such fiber administration systems are 
exemplified by the LGX® Fiber Administration System that is currently manufactured by 
Lucent Technologies of Murray Hill, New Jersey, the assignee herein. 

A fiber distribution fi-ame typically provides an equipment rack housing a column 
20 of spaced apart shelves and/or horizontally slideable drawers for distributing a large 
number of fibers. Each shelf and/or drawer has an enclosed chamber with an aperture 
through which fiber cabling may pass. Fiber connections are fashioned within the enclosed 
chamber of the shelf In a typical apphcation, the fi*ame serves as an interface between 


2 


#284027 vl 
053572-31345 


Express Mail Label No. EJ467028355US JANUS 9-11-7-18 

central office switching equipment and a network of transmission lines terminated at the 
central office. 

Pre-terminated fiber shelves provide a convenient means of installing fiber cable 
connections at a network location. Such shelves are equipped with optical connectors that 
5 have been assembled onto the end of a fiber cable stub {i.e., a short length of fiber cable). 
Although fiber cable specifications normally require that the fiber cable not be bent in 
diameters smaller than 20x the cable diameter, if the fiber cable sheath is removed, 
individual fibers can be bent, or coiled, to smaller diameters. This permits the routing of a 
given number of fiber cables in a smaller area of a distribution fi-ame. For this reason, the 

10 end of the fiber cable stub, which enters the shelf, are typically unsheathed. The fiber 
connections for a pre-terminated shelf are also fashioned during manufacture of the shelf, 
so that no field connectorization is required during installation. 

Because of the delicate nature of unsheathed fibers and the need to maintain fiber 
bend limits for fibers transitioning to connectors in a shelf, the stub must be securely 

15 fastened to the shelf during manufacture. The stub may be fastened to provide either a top 
entry direction or a bottom entry direction. After manufacture, it is not desirable to loosen 
the stub from the shelf or to attempt to reconfigure the entry direction of the stub, for 
example, during installation of a shelf. Because the stiffiiess of fiber cable and the bend 
radius constraints associated with fibers, such reconfiguration attempts are prone to craft 

20 errors that could significantly damage the stub and/or fibers. At best, special care is 
required to reconfigure stub entry direction without exceeding fiber bend hmits or breaking 
fibers. 
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Often, the specific fiber cable routing for a network location is not determined prior 
to set-up of the location. Consequently, the desired stub entry direction for shelves to be 
installed at the location is also not known. For this reason, and for manufacturing 
efficiency, shelves are typically manufactured as configured only for a top stub entry 
5 direction. Thus, shelves configured for top stub entry are shipped to a network location 
regardless of the location requirement. This causes significant problems when the network 
location requires a shelf configured for bottom stub entry. 

Since stub entry direction is not easily reconfigured, a typical work-around for 
altering stub entry direction is to route the stubs through a circuitous route up the opposite 

10 side of the distribution fi-ame, and then to loop the stubs over the top of the fi-ame back 
down the other side. However, this method requires an extra length of fiber cable for the 
circuitous loop. In a typical application where multiple shelves are installed in one fi-ame, 
this circuitous looping is likely to result in cable congestion ~ there being twice as much 
fiber cable in the vertical area of the frame as there would be if the fiber cable route were 

15 restricted to a single side of the frame. Furthermore, the excess fiber cable may block the 
path of other fiber cables that are routed through the top of the frame. In addition, the 
stiffiiess of fiber cable makes it difficult to manage fiber cable loops within the width of the 
frame. Therefore, this work-around is only practical for use with cables that allow a tight 
bend radius, 

20 

SUMMARY OF THE INVENTION 

A fiber cable swivel mechanism (hereafter usually characterized as a "cable 
swivel") according to the invention allows the direction of fiber cable entry into a 
preterminated fiber shelf to be easily reconfigured without unfastening the fiber cable from 
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the shelf. The cable swivel has fiber protection and fiber guiding integrated into its design 
so as to prevent excessive fiber bending at the entry portal of a shelf. The cable swivel also 
automatically maintains fiber bend limits as the fiber cable entry direction is reconfigured. 

To that end, a cable swivel is described that maintains bend limits for fibers at an 
entry portal of a shelf, for effecting a transition of a fiber fi-om a shelf to a vertical raceway 
in a distribution frame (or vice versa). Accordingly, the cable swivel of the invention 
defines a surface with a radius of curvature greater than a predetermined minimum bend 
radius. Fibers routed across the curved surface of the cable swivel are thereby protected 
against exceeding the minimum bend radius of the fiber. A retaining member that holds 
the fiber cable in a vice holds the fiber cable in place on the cable swivel. Horizontal 
members join smaller sub-surfaces to form the curved surface of the cable swivel. The 
cable swivel is held in place in the shelf with a screw though a first section. 

The cable swivel maintains fiber bend limits as the cable swivel is rotated to 
reconfigure the entry direction of the fiber cable. Outside a shelf, fibers may be routed for 
interconnection at other optical network equipment in the fiber distribution fi-ame via a 
fiber routing system. Thus, the fiber cable entry direction of the shelf may be quickly and 
easily reconfigured, simpUfying shelf installation when a bottom entry shelf is required. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the invention, reference is made to the following 
description of an exemplary embodiment thereof, considered in conjunction with the 
accompanying drawings, in which: 

FIG. 1 depicts a conventional shelf configured for top fiber cable entry; 
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FIG. 2a depicts the typical fiber cable route in a conventional distribution frame 
when bottom fiber cable entry is desired; 

FIG. 2b depicts the fiber cable route possible when a shelf in a distribution frame is 
configured for bottom fiber cable entry utiHzing the cable swivel according to the 
5 invention; 

FIG. 3a depicts a shelf with a cable swivel configured for top fiber cable entry; 
FIG. 3b depicts a shelf with a cable swivel configured for bottom fiber cable entry; 
FIG. 3 c depicts the interior of a shelf that has a cable swivel deployed; 
FIG. 4a depicts a perspective view of a cable swivel in accordance with the 
10 invention; and 

FIG. 4b depicts an alternative perspective view of a cable swivel in accordance with 
the invention; 

DETAILED DESCRIPTION OF THE DRAWINGS 

There is described herein, illustrative and descriptive forms and embodiments of a 
15 shelf cable swivel according to the invention. As would be apparent to those skilled in the 
art, various changes using different configurations and functionally equivalent components 
may be made without departing from the scope of the invention. Thus, the invention is not 
considered limited to the particular illustrative embodiments shown in the specification and 
all such altemate embodiments are intended to be included in the scope of this invention. 

20 Fiber Administration System 

FIG. 1 depicts a conventional preterminated fiber shelf configured for top entry of 
a fiber cable stub. A stub 220 is directed toward the fiber cable shelf 222 from above. A 
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bracket 224 attached to the shelf 222 provides a mounting point for the stub. The stub 220 
may be secured to bracket 224 using a metal retention clamp and cable ties (not shown in 
detail). Individual optical fibers 226 are unsheathed firom the stub and directed into the 
interior of the shelf Within the shelf, fiber connection means 228 are provided to 
5 interconnect fibers. Fibers may be interconnected within the shelf via fiision or mechanical 
spUces or fiber terminations. Other fiber connection means are possible and will be 
apparent to one skilled in the art. 

FIG. 2(a) depicts the typical stub route in a conventional distribution fi-ame when 
bottom stub entry is desired. Shelf 222 is affixed in a vertical column in a distribution 

10 frame 320. The design of the distribution fi-ame allows easy addition of any number of 
shelves and expansion of an optical fiber network. The shelf 222, as typical for 
conventional shelves, is configured for top entry of stub 322. Stubs (and individual fibers) 
enter the shelf firom the top direction, and as discussed above, the entry direction is not 
easily reconfigurable. Therefore, in order to route the stubs in a downward direction, the 

15 stubs 322 are routed in a circuitous loop up the side of the distribution firame, over the top 
of the firame and back down the opposite side of the frame. 

The fiber cable routing for bottom stub entry in a shelf utiHzing the cable swivel of 
the invention is depicted FIG. 2b. The cable swivel allows stubs 322 to be directed in the 
downward direction without being routed in a circuitous loop. The cable swivel allows the 

20 shelf to be easily reconfigured so as to provide bottom stub entry (and thereby avoid the 
necessity of routing the stub in a circuitous loop). 


7 


#284027 vl 
053572-31345 


Express Mail Label No. EJ467028355US JANUS 9-11-7-18 

Cable Swivel Deployed at Shelf Entry Portal: 

A shelf may be configured for either top stub entry or bottom stub entry and is 
easily reconfigured using the cable swivel of the invention. FIG. 3 a depicts a shelf with a 
cable swivel that is configured for top stub entry. FIG. 3b depicts the cable swivel rotated 
5 180° fi"om the positioning of FIG. 3a, and thus depicts a shelf with a cable swivel that is 
configured for bottom stub entry. Arrow 410 denotes that the cable swivel 420 may be 
rotated 180"* to reconfigure the stub entry direction between top entry and bottom entry. 

In FIG. 3a, a stub 322 is directed to the cable swivel 420 from a position above a 
shelf 222. The stub 322 is secured to the cable swivel between a stub connection plate 422 
10 and stub channel portion 424 of the cable swivel (i.e., in a vice-like mechanism). 
Alternatively, the stub may be connected to the cable swivel utihzing a variety of means 
well known to a person skilled in the art of the invention. For example, the stub 322 may 
be secured to cable swivel using a metal retention clamp and/or cable ties. Once secured, 
fibers 412 are unsheathed from the stub and directed across a curved channel 426 of the 
15 cable swivel and through an inlet of the cable into the interior of the shelf 

FIG. 3c depicts the interior of a shelf that has a cable swivel deployed. The shelf 
has a sidewall 414 with an entry portal in which the cable swivel is positioned so as to 
maintain fiber bend hmits as the fiber changes direction and is routed between the shelf 
interior and exterior. 

20 Fibers 412 pass through a tubular portion 430 of the cable swivel into the shelf 

interior. A connection plate 432 shdes into a groove (not shown) in the tubular portion 430 
of the cable swivel and secured to a sidewall 414 of the shelf via bolts attached to the shelf 
interior. Various other attachment means besides a tonge and groove system are well 
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known to those in the art and may be implemented to hold the cable swivel attached to the 
shelf. The shelf 222 provides an enclosed chamber into which fibers 412 pass for the 
fashioning of fiber connections (not shown). In the shelf chamber, fibers are 
interconnected while being routed and stored in compliance with fiber bend limits via 
5 various methods well known to those skilled in the art of the invention. For example, 
fibers may be routed in observance of their bend limit to termination adapters mounted 
within the shelf for the fashioning of fiber terminations. 

Cable Swivel 

Fibers and fiber connections routed in a shelf are ordinarily protected fi-om signal 
10 degradation caused by excessive fiber stress and/or detrimental environmental conditions. 
However, a discontinuity arises at the entry portals of a shelf, where fibers are transitioned 
between the shelf interior and a raceway along the shelf exterior for routing to other optical 
network equipment. At an entry portal, in order to change fiber direction, the fibers must 
be bent. Without a system to protect the fibers at an entry portal, the fibers may be sharply 
1 5 bent in excess of the minimum bend radius. Furthermore, in order to reconfigure stub entry 
direction in a shelf, the stub may have to be handled with a range of motion. Therefore, in 
accordance with this invention, cable swivel 501 having a curved surface or channel 426 or 
over which fibers e.g. fibers 412 are routed is deployed at this position to ensure that the 
fibers follow a controlled bend and are not bent at radii in excess of the minimum bend 
20 radius. FIG. 4a and 4b depict alternative perspective views of an illustrative embodiment of 
a cable swivel 501 for a shelf entry portal in accordance with the invention. 

The cable swivel is comprised of three contiguous segments ~ a fiber cable 
connection section (e.g. plate 422 and channel portion 424), a fiber direction section (e.g. 
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curved channel 426), and a shelf entry portal section (e.g. tubular portion 430 and channel 
428). The fiber cable connection section provides a shaped channel 426 in which fiber 
cable rests. It also has mounting holes 510 and 5 1 1 to v^hich a connection or vise plate 422 
connects to hold the fiber cable route therethrough in place. The cable swivel has a 
5 corresponding aperature 515. 

Individual fibers may be broken out of fiber cable stub 322 after being secured to 
the fiber cable connection section. The fibers are then routed to shelf interior via the fiber 
direction section 426 of the cable swivel which maintains the routed fibers' minimum bend 
radius. The fiber direction section of the cable swivel maintains the minimum bend radius 
10 for fibers routed between the point at which the fibers are unsheathed from the stub and the 
interior of the shelf Stubs may be directed along the distribution frame to other shelves 
and/or optical system equipment via a variety of means know to those skilled in the art of 
the invention. 

Fibers (not shown) are directed across the first curved surface of the cable swivel. 

15 From this position, the fibers are directed across the curved surfaces of the cable swivel and 
out the shelf entry portals 515. Fibers are threaded through the cable swivel In this 
manner, the cable swivel maintains fiber bend radii in excess of a minimum bend radius for 
all shelf opening angles. 

As illustrated, a cable swivel has sub-surfaces that are joined to defme a surface 

20 with a radius of curvature greater than a predetermined minimum bend radius - that 
minimum bend radius being selected to be equal to or greater than the critical bend radius 
of fibers to be routed therethrough. A first curved surface, a second curved surface, and a 
third curved surface join to form what can be described as the general outhne of the curved 
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outer surface of one-half of a cylinder. Fibers are directed over the surface formed by the 
curved sub-surfaces in order to maintain bend limits at the entry portals of a shelf. 
Typically, the minimum bend radius is a variable in fiber design and so, the cxirvature of a 
cable swivel may be modified for use with various fibers. 
5 The ciuved sub-surfaces of channel 426 are attached to a first end of horizontal 

members 520. In the exemplary embodiment, two exterior horizontal members and an 
interior horizontal member join the curved sub-surfaces of the cable swivel. The horizontal 
members unite the curved sub-surfaces of the cable swivel together into a single rigid unit. 
The horizontal members also serve to compartmentalize the cable swivel into channels, 
10 enabUng fibers to be separated so that all the routed fibers do not pile up in a single area of 
the cable swivel. 

The width of the extension member on the stub connection portion 422 of the cable 
swivel acts to offset the cable swivel fi-om the sidewall e.g. 460 of the shelf which is best 
viewed in Fig. 3 a. The sidewalls of the channel section of the cable swivel provide depth 

15 to the channels in which fibers are routed, holding fibers in place and away from sidewalls 
400. Vertical retaining strips may be added to retain fibers in place in the channels of the 
cable swivel, as the cable swivel is moved during reconfiguration of stub entry direction. 
The vertical retaining strips (not shown) may be provided with fiber access slot to allow for 
push-through wiring access, eUminating the need to feed fibers through an aperture in the 

20 channel portion of the cable swivel. 

Referring now to Fig. 3c, the mounting plate 432 passes over peg members attached 
to the interior of the shelf sidewall 414. The mounting plate then slides into a groove in the 
outer circumference of the cable swivel 430. When the mounting plate is fastened to the 
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shelf sidewall, the swivel may not be removed from the sidewall. In a preferred 
embodiment, the cable swivel slides into an entry portal and snaps into position. Various 
alternative means of securing the cable swivel to the shelf will be apparent to those skilled 
in the art of the invention. For instance, the cable swivel may be bonded to a surface near 
5 the shelf entry portals. 

There has been described and illustrated herein, a cable swivel that maintains bend 
limits for fiber at entry portals of shelves. The cable swivel collects fibers unsheathed from 
a stub securely fastened to the cable swivel. Fibers routed across a cable swivel are 
protected from excessive bending as the fiber transition between a vertical raceway 

10 alongside a distribution frame and the shelf of the frame. The cable swivel of the invention 
protects fibers from excessive bending thus avoiding optical signal degradation and/or total 
signal loss on fibers routed in an optical fiber network. The cable swivel also allow the 
entry direction of the fiber to be reconfigured between top stub entry and bottom stub entry 
without requiring unfastening of the cable from the cable swivel. 

15 It is to be understood that the invention is not Umited to the illustrated and 

described forms and embodiments contained herein. It will be apparent to those skilled in 
the art that various changes using different configurations and fimctionally equivalent 
components may be made without departing from the scope of the invention. Thus, the 
invention is not considered hmited to what is shown in the drawings and described in the 

20 specification and all such alternate embodiments are intended to be included in the scope of 
this invention as set forth in the following claims. 
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